DESIGN IMPROVEMENT, QUALIFICATION TESTING,
PURGE AND VENT INVESTIGATION, FABRICATION,
AND DOCUMENTATION OF A GAC-9

INSULATION SYSTEM

(NASA-CR-124052) DESIGN IMPROVEMENT, N73-18565
QUALIFICATION TESTING, PURGE AND VENT

INVESTIGATION, FABRICATION, AND

DOCUMENTATION OF A (Goodyear Rerospace Unclas
Corp.). 194 p HC $11.75 . CSCL 11D _ .G3/18 17121

GER-14915 S/9
Annual Summary Report
November 1971

Contract No. NAS 8-26091
Control No. 1-0-50-09618 (1F)

Prepared for:
National Aeronautics and Space Administration

George C. Marshall Space Flight Center
Huntsville, Alabama

GOODYEAR AEROSPACE

CORPORATION



CODE IDENT NO. 25500

GOODYEAR AEROSPACE

CORPORATION

AKRON 15, OHIO

DESIGN IMPROVEMENT, QUALIFICATION TESTING,
PURGE AND VENT INVESTIGATION, FABRICATION,
AND DOCUMENTATION OF A GAC-9 INSULATION SYSTEM

Annual Summary Report

Contract No. NAS 8-26091

By
C.B. Shriver
J.N. Apisa
A.H. Kariotis

GER 14915 S/9
November 1971

For

George C. Marshall Space Flight Center
National Aeronautics and Space Administration

—

L



S
AR

T -

: mmn«m;m"'\ww AR
PRRFAFITRTT ' GOODYEAR AEROSPACE

CORPORATION

GER-14915 §/9 PP™TNING PAGT RTANRGNAT 7T 1T

ABSTRACT

This summary report was prepared by Goodyear Aerospace Corporation (GAC) under
Contract NAS 8-26091, "Design Improvement, Qualification Testing, Purge and Vent Investi-
gation, Fabrication, and Documentation of a GAC-9 Insulation System', for the George C.
Marshall Space Flight Center of National Aeronautics and Space Administration. The work
was administered under the technical direction of the Astronautics Laboratory, Engineering
Division of the George C. Marshall Space Flight Center, with Mr. Joseph M. Walters acting
as project manager. This report summarizes the research, development, and testing that
were accomplished during the 14-month effort. Most of the work was directed toward deter-
mining the purge and vent characteristics of the GAC-9 insulation system. This work included
laboratory purge gas flow tests using a 30-cm (12-inch) diameter cylinder test apparatus, panel
flow tests using a 94 x 122 cm (37 x 48 inch) test panel, and subscale tank testing using the 76-
cm (30-inch) diameter double-guarded calorimeter for cryogenic tests to verify laboratory flow
test results and demonstrate a purge system design. Other work included thermal conductivity
testing using a 15-cm (6-inch') diameter flat-plate calorimeter, thermal conductivity tests of a
simulated penetration on the 76-cm (30-inch) diameter calorimeter, and a feasibility study of

techniques for mechanization of insulation panel drop thread installation.
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SECTION 1
INTRODUCTION

This report summarizes the research and development program conducted by GAC
under Contract NAS 8-26091, '"Design Improvement, Qualification Testing, Purge and Vent
Investigation, Fabrication, and Documentation of a GAC-9 Insulation System, " during the
period from 28 May 1970 through 30 July 1971. The primary purpose of the program was to

determine the purge and vent characteristics of the GAC-9 insulation system.

The work scope comprised a four-task effort:

(1) Literature survey
(2) Design improvement and installation effort
(3) Testing
(4) Evaluation of test results
The primary objectives to be realized from this effort are listed below:

(1) Define the purge gas flow characteristics of the GAC-9 insulation system

through laboratory measurements.

(2) Demonstrate that the insulation is effective as a system for prelaunch purg-
ing and launch venting of the 76-cm (30-inch) diameter calorimeter, which is
a subscale model simulating a realistic type of GAC-9 insulation application.
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SECTION II

SUMMARY

The program consisted of design improvement studies, flat-plate calorimeter testing,
purge and vent laboratory testing, and subscale tank testing of a GAC-9 insulation purge sys-

tem.

Design improvement studies involved investigation of perforated aluminized Mylar
radiation shields, methods of drop thread mechanization, and laboratory tests to obtain purge

gas flow characteristics parallel to and across the layers of GAC-9 insulation.

To improve broadside venting of internal gases in GAC-9 insulation, a concept incor-
porating aluminized Mylar radiation shields perforated to 2.38 percent open area was evaluated
for thermal performance and purge gas flow. The broadside gas flow was increased from vir-
tually no measurable flow to 0.0013 m3/s (0.04 std ft3/min) at atmospheric pressure and 13.3
N/m2 (0.10 torr) pressure differential. The use of perforations increased the emittance value
of the radiation shields and consequently increased the radiation heat transfer. A thermal con-
ductivity test was conducted on the 15-cm (six-inch) diameter flat-plate calorimeter at speci-
men compression pressures of 68.9 to 6.89 N/m2 (0.01 to 0.001 1bf/in.2). At 6.89 N/m2
(0.001 1bf/in. 2) the insulation K value measured 3.9 x 10~% J/m-s-°K (2.26 x 10-9 Btu/ft-hr-
OF). This value is approximately 52 percent higher than the measured thermal conductivity of

GAC-9 insulation containing unperforated Mylar radiation shields.

A study was conducted to determine the feasibility of mechanizing the installation of
drop threads in the GAC-9 insulation composite. Sewing machines were generally not adapt-
able for this application. A Model LT 280 mattress tufting machine, manufactured by the
United Mattress Machine Company, has demonstrated a capability of installing drop threads in
GAC-9 insulation. The demonstration drop threads were somewhat heavier than desired; how-
ever, the machine may be altered to handle lightweight thread material. The tufting machine
is designed to handle items of mattress size and may be readily modified to accommodate in-

sulation panels of larger size.

Laboratory tests were conducted on 30-cm (12-inch) diameter cylinder and disc spec-
imens to obtain basic engineering data on purge gas flow through GAC-9 insulation. These
data were required to design and demonstrate a purge system for the GAC-9 insulation on the
76-cm (30-inch) diameter calorimeter. Flow coefficient measurements were obtained as a

function of pressure differential on purge gas flow parallel to and perpendicular to the layers

" preceding page blank 3
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of insulation. Measurements were made at various absolute pressures in the continuum flow
and the free molecular flow regimes. These values compared favorably with flow coefficients

obtained theoretically.

Additional laboratory testing was conducted on a 94 x 122 cm (37 x 48 inch) GAC-9 in-
sulation panel assembly comprising two panels butt-joined together. The tests were performed
to obtain purge gas flow coefficients, pressure-flow profiles, and the effect of panel joints on
gas flow through typical GAC-9 insulation panels. Test results of steady-state and transient
pressure tests were in good agreement with flow model values computed from test data obtained
from small laboratory flow test specimens. Interstitial gas helium purity was measured as a
function of time. Purging was accomplished with an inlet flow rate of 0.000472 m3/ s (1.00
ft3/min); a 99 percent helium purity level was achieved in approximately 1.08 x 103 seconds

(18 minutes).

Subscale tank LH2 boil-off tests were conducted on the 76-cm (30-inch) diameter
double-guarded cylindrical calorimeter insulated with GAC-9 insulation panels. The insula-
tion system included a helium purge system designed within the parameters of the laborétory
purge and vent test data obtained in earlier phases of the program. Four boil-off tests were
conducted to verify the feasibility and reliability of the GAC-9 insulation system to be purged

and vented under cryogenic conditions. The boil-off tests are described below.
Test No. 1 - Initial space environment test without purge jacket

Test No. 2 - Ground-hold, ascent pressure decay, and limited

space test with purge jacket

Test No. 3 - Ground-hold and ascent pressure decay test without

purge jacket

Test No. 4 - Ground-hold, ascent pressure decay, and limited

space test with purge jacket

The initial space test was conducted without the purge jacket to determine the effect of
pressure-sensing instrumentation and the purge system components on the thermal perform-
ance of the GAC-9 insulation. The average sidewall equilibrium heat leak for 5.08-cm (2-inch)
thick GAC-9 insulation was 0. 280 W/m2 (0.089 Btu/hr-ftz). This value is compared to 0.0277
W/m2 (0.088 Btu/hr-it2) obtained on the same insulation system prior to the addition of the
purge system and pressure-sensing instrumentation. The degradation in thermal performance
is small because certain extraneous heat sources and sinks were eliminated with the installa-
tion of the purge system, thus offsetting the heat leaks introduced by the pressure-sensing in-
strumentation.

4
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The grbund-hold and ascent portion of test No. 2 was conducted to evaluate the helium
purge system. After 7200 seconds (2 hours) of flow-through gaseous helium purge at a rate
of 0.000472 m3/s (1.0 ft3/min), essentially 100 percent helium purity was measured at the in-
sulation helium outlet. Approximately 10 changes in the insulation and purge jacket gas volume
were made during purging. The purge jacket failed to open during ascent pressure decay, and

the test was stopped due to excessive time required to reach space test conditions.

Test No. 3 (ground-hold and ascent) was run without the purge jacket to determine the
ground-hold and ascent thermal performance of the GAC-9 insulation system under ideal purge
and vent conditions. Purging was accomplished by vacuum chamber evacuation and gaseous
helium backfill. During the ground-hold portion of the test, the GAC-9 insulation bulk temper-
ature and LH2 boil-off reached equilibrium in approximately 7.2 x 103 seconds (2 hours) which
is the same length of time measured on a previous ground-hold test conducted under Contract
NAS 8-30140. This performance was also the same as measured on the ground-hold portion of
test No. 2 with a purge jacket and flow-through helium purge. The ascent pressure decay boil-

off performance was essentially the same as test No. 2.

The ground-hold portion of test No. 4 was conducted to measure ground-hold and
ascent pressure decay performance with a purge jacket. Prior to this test, the operation of
the purge jacket zipper opening device was satisfactorily demonstrated under a simulated as-
cent pressure decay condition. During ground-hold, the flow-through helium purge perform-
ance was satisfactory (the same as measured in test No. 2). The ascent pressure decay was
comparable to the ascent performance of the ground-hold portion of test No. 3, which was run
without a purge jacket; therefore, the purge gas venting was not impeded by the purge jacket
vent opening. The insulation thermal performance during both the ascent pressure decay and
the early period of space performance was normal; therefore, the test was concluded before
reaching equilibrium boil-off in the space test condition. Based on the venting performance
of the 76-cm (30-inch) calorimeter purge system, a purge jacket vent opening in excess of 2
percent of the insulation surface area is adequate for venting a GAC-9 insulation and purge

system with similar proportions.

It was concluded from the results of the purge and vent subscale tank tests that the
GAC-9 insulation system could be adequately purged with gaseous helium during ground-hold
conditions and that the insulation with a comparable ratio of surface area to panel joint length
will vent this purge gas during ascent conditions if the purge jacket or envelope has adequate
clearance from the insulation and a vent opening in excess of 2 percent of the outside surface

area of a 5.0-cm (2-inch) thickness of insulation. In the 76-cm (30-inch) diameter calorimeter
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configuration, the GAC-9 insulation under these venting conditions will reach space perform-
ance in a period of approximately 9 x 103 seconds (2.5 hours); however, during the last 90
percent of that period, the average thermal performance is about one-half the space perform-

ance or 800 times better than ground-hold performance.

A subscale tank LH9 boil-off test was performed on the 76-cm (30~inch) diameter
calorimeter to study the effect of a protrusion insulation on the GAC-9 insulation thermal per-
formance. A 5.0-cm (2-inch) diameter x 25.4-cm (10-inch) long penetration was added to the
calorimeter wall in the measuring vessel area. A 2.54-cm (1-inch) thick GAC-9 insulation
flanged sleeve surrounded the penetration. The ground-hold and ascent phase performance
was unaffected by the penetration insulation. The space performance heat leak was 651 W
(6.07 Btu/hr) compared to the heat leak of 332.75 W (3. 15 Btu/hr) from test No. 1 on the in-
sulated calorimeter without the penetration. It was concluded from this test that 73 percent of
penetration heat leak occurred across the fiberglass wool opacifying material placed between
the calorimeter surfaces and the flange of the penetration GAC-9 insulation sleeve. Reducing
the area of the fiberglass wool insert should significantly reduce the heat leak attributed to the

penetration.
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SECTION I

DESIGN IMPROVEMENT, LABORATORY TESTING, AND INSTALLATION EFFORT

A. GENERAL

The GAC-9 insulation system developed under Contract NAS 8-30140 (ref. 1) has been
demonstrated as a multilayer composite that is suitable for vehicle-tank application on space
missions exceeding 60 days. The feasibility of applying the insulation as prefabricated panels
on small-scale cryogen-filled calorimeter test tanks has been demonstrated. These tanks have
been subjected to the environments of ground-hold, rapid evacuation, and space. The composite
defined as GAC-9 consists of alternate layers of thinly sliced polyurethane foam and doubly
aluminized Mylar (DAM) film radiation shields.

The effective thermal conductivity of the GAC-9 insulation system is 0.187 J/m-s-°K
(3.0 x 10-° Btu/ft-hr-OF) when the gas pressure within the insulation is 0.013 N/m2 (10-4torr)
or lower (space condition). This effective thermal conductivity will increase by a factor of
1000 (in proportion to the pressure) in the 13.3 to 0.013 N/m2 (10-1 to 10-4 torr) range; thus
the performance of the insulation is critically affected by the pressure of the interstitial gases.
It is important that the condensing or trapping of these gases be prevented prior to reaching the
operational phase of a mission. Therefore, the major emphasis of the current program under
Contract NAS 8-26091 was placed on determining and improving the purge and vent character-
istics of the GAC-9 insulation system. This effort included a materials investigation and flat-

plate calorimeter tests of improved materials.

Also of importance is the degree to which the GAC-9 insulation system can lend itself
to a practical method of fabrication and installation on cryogenic tanks. Reliability of fabrica-
tion techniques to repeatably produce insulation panels of acceptable quality is of importance.
The fabrication operation for installation of drop threads has a potential for introduction of var-
iations in insulation panels. As a part of the continuing program to optimize fabrication and
assembly techniques, an investigation was conducted to determine the feasibility of installing
drop threads in panelized GAC-9 insulation by mechanical methods.

B. LITERATURE SURVEY

The literature survey included a review of documents concerning investigations of in-
terstitial gas flow characteristics of multilayer insulation systems. The applicable reports
are listed in references 2 through 5. These reports were used to compare analytical results

and as a guide in selecting pressure- measuring techniques. The literature survey also
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included a review of documents describing machinery applicable to mechanization of drop
threads in multilayer insulation systems. These documents are general descriptive brochures
on sewing machines and mattress tufting machines. The brochures are not identified by docu-
ment numbers for reference; however, the instruction manuals for the mattress tufting machin-

ery of interest are listed in references 6 and 7.
C. PURGE AND VENT LABORATORY INVESTIGATION
1. General

The GAC-9 insulation purge and vent study was initiated under Contract NAS 8-30140
(ref. 1) to define the gas flow characteristics through a multilayer type of insulation. The
primary objectives of this continuing investigation are to demonstrate by laboratory test methods
the feasibility and reliability of purging and venting the GAC-9 insulation and to establish en-
gineering data for the design of purge systems.

Laboratory testing included purge gas flow tests (both axial and normal flow) using a
30-cm (12-inch) diameter cylinder test apparatus, panel flow tests using a 94 x 122 cm (37 x
48 inch) test panel, and a series of tests to evaluate the purge and vent pressure-sensing in-
strumentation. Analyses were performed to demonstrate correlation of equations with labora-
tory test data. Results of the laboratory tests were verified by cryogenic tests on the 76-cm

(30-inch) diameter cylindrical calorimeter insulated with the GAC-9 insulation system.

2. Determination of Pressure-Gas Flow Relationships

a. General. The designof apurge system requires that certainflow coefficients be known..
First, the inlets must be located and the inlet pressure (Pj) and helium flow rate (the)i must
be calculated. Then the time required to adequately purge the system is determined where the
flow at some extreme point (mg) has acceptable amounts of air (rgjr) and helium (mye).
These calculations require a set of engineering equations containing variables or flow charac-
teristics that must be known. Since the material is not homogeneous, its flow characteristics
are different for the various flow directions.

An example of purge gas flow through insulation on a tank is illustrated in Figure 1.
A typical cross section of the insulation is also shown. In this cross section the different flow
paths are designated by the arrows and the flow coefficients are designated as K. The purge
gas must flow down through the insulation parallel to the layers that have a flow coefficient K_.
At the same time, the purge gas can flow out of the panel in the normal direction, in which case
the flow coefficient is K, . A unique flow path for the purge gas is through a joint between

panels, resulting in a flow coefficient of K. Since the insulation consists of more than one
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Figure 1. - Purge gas flow through typical tank insulation.
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panel, the purge gas from the bottom panel can flow between the panels, parallel to the layers.
This interface between panels has a flow coefficient of Kg. This example shows that there are
at least four coefficients that must be obtained for the GAC-9 panel design before a purge sys-
tem can be analyzed to the extent required in conceiving a workable design. A summary of the

flow analysis equations and how they are used is described in detail in the following paragraphs.

b. Test Data Evaluation and Correlation (Steady-State). Two flow regimes of significance

are encountered during the launch and ascent of a space vehicle. The first regime, called a
"eontinuum' regime, exists during purge and ground-hold conditions. As the absolute pressure
within an insulation blanket drops during the ascent of a space vehicle, the flow changes from
continuum flow to "free molecular flow." Free molecular flow is characterized by gas flows

that are independent of both viscosity and absolute pressure.

Under steady~state, isothermal, incompressible flow conditions, which exist during
purge and ground-hold, a single testing procedure can be used to generate flow coefficients for

the full range of gas flows. The coefficients are defined by the relation
m = Cp(a8P/5x)

where m = the rate of mass flow per unit area
CM = the characteristic flow coefficient

8P/3x = the pressure gradient

Since the tests have been designed as parallel flows (i.e., only one velocity component
is different than zero), the pressure gradient remains constant across the specimen and 8P/dx
is equal to AP/L. This result has been verified by preliminary tests at ambient pressure, *
The parameter CM will be used; C)y is the mass flow per unit time per flow area per unit pres-
sure gradient. This coefficient will vary over the different flow regimes and can be computed
by the following equation:

_ mL PQL
CM = Zp °T A AP

where p = the fluid density
Q = the flow rate
L = the length
A = the area
AP = the pressure drop

The value Cypp can be determined by testing over various ranges of pressures, lengths, and
flow rates.

* These tests are reported in a previous progress report, GER-1491558/5 (Figure 20, page 41).

10
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A theoretical analysis has been made to determine the flow coefficient for all flow re-

gimes. The flow coefficient (CM) can be calculated (ref. 2) as follows:

,/ 8RT
_ph? 4V 77

Su 3RT

Cm

where Cyp = the flow coefficient

p = the density of helium gas

h = the flow channel height

u = the viscosity of helium gas
T = the gas temperature

R = the helium-gas constant

The flow channel height (h) for the GAC-9 insulation system installed in the axial flow

test chamber is calculated from

Lo EM_osgxa07?
h = 5— = 3 = 0.119 mm (4.7 mils)
where h = the flow channel height
n = the number of foam spacers
t = the thickness of a foam spacer

The flow channel height is modeled in Figure 2, where the Mylar shield is shown half-
way between the foam spacers. Its thickness is negligible. The actual height is somewhat less
and can be anywhere from h to 2h, with 2h occurring when the Mylar is pushed against the foam

spacer.

The calculated flow coefficient is based on the assumption that there is no flow through
the foam spacers. If we assume that there is no flow through the foam, then the actual flow

area is the cross-sectional area of the specimen minus the area of the foam layers.

In the theoretical equation for Cjpy, the height h used in computing the flow coefficient
becomes rather critical. It appears as a squared parameter in the continuum-flow term and
as a single parameter in the free-molecular-flow term. A slight variation in the value used

for the height can give large deviation when predicting flow rates.

11
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Figure 2. - Flow channel model.
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Figure 3. - Predicted pressure differential across a 61-cm (24-in.) axial
flow test specimen during rapid chamber evacuation.

12



GOODYEAR AEROSPACE

CORPORATION

GER-14915 S/9 ' SECTION III

c. Transient Analysis. The flow coefficients generated in the evaluation of steady-state

test data are used in predicting insulation pressures during the transient of launch and ascent.
Although the gas temperature will vary and the flow will be multi-dimensional within an actual
propellant tank insulation blanket, a useful first step is to analyze the system by assuming an

isothermal and one-dimensional flow.

A one-dimensional, isothermal, transient analysis was programmed on the IBM 360
digital computer. The computer program utilizes a finite difference solution to the equations
of flow through porous media and has been checked against similar analyses documented in

references 2 and 3. Good agreement was obtained.

A channel height of 0.119 mm (4.7 mils) was assumed in a preliminary analysis of the
evacuation characteristics of GAC-9 insulation. The pressure differential at the no-flow
boundary is illustrated in Figure 3 for a chamber evacuation proﬁle approximately 10 times

more severe than the nominal Saturn 5 profile.

The axial flow and normal flow models used in the computer analysis are shown in
Figure 4. The flow equations were combined, simplified, and modified to produce the follow-

ing final equation:

2RT CM At RT CM At

1]
Py = Py [1- 2 |* 5~ |Pae) + PGi-1)
(ax) (ax) l
2
h h® At 2
#2222 [Pri) - Pg-)
12 (Ax)
0.5 (Ax)2 o .
where At <= '——° for stability purposes and the terms used in the equation are:
RT Cyp

P = the pressure
u = the viscosity of gas
R = the helium gas constant
T = the temperature
CpM = the flow coefficient
At = the time increment
Ax = the length increment
h = the flow channel height

13
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Figure 4. - Axial flow and normal flow models.

3. Axial and Normal Flow Tests

a. Test Plan. The logic used in establishing the test plan for obtaining the necessary

purge gas flow coefficients is described in the following paragraphs.

To obtain the flow coefficient K,;, a GAC-9 insulation specimen in the shape of a disc
is installed in a circular duct test fixture. The flow of helium gas through the specimen is
measured as a function of pressure differential. As part of the specimen installation checkout,
a sealing membrane is installed on the upstream side of the specimen and the specimen instal-

lation fixtures leak checked. The membrane is then removed and the test continued.

A disc type of GAC-9 insulation test specimen is used to obtain the flow coefficient of
a typical joint, KJ. This specimen consists of two halves joined together to form a joint across

the diameter.

The flow coefficient parallel to the layers (K_) is measured in the same test fixture.
However, the GAC-9 insulation is wrapped around a mandrel and inserted into the circular
duct. Again, pressure flow measurements are made. To obtain the interface flow coefficient,
KG, the GAC-9 insulation parallel flow test specimen is constructed with two plies of fiber-
glass outer grid layers sandwiched between the multilayer insulation material. Flow measure-

ments of these four types of test specimens are made at ambient temperature and pressure

14
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with helium gas to provide flow coefficients that apply to a purge system design. Additional
testing is performed at a lower pressure to obtain coefficients to be used in determining the

venting capability of the material.

The test plan, which is outlined in Table I, involves purge and vent flow tests con-
ducted in both the continuum and free molecular regimes, using the laboratory test apparatus,

test procedures, and test specimens described in the following paragraphs.

TABLE I. - TEST PLAN FOR LABORATORY PURGE AND VENT INVESTIGATION -
AXIAL AND NORMAL FLOW TESTS

Specimen Specimen Test
No. description objective

Normal Flow Tests

IN GAC-9 with drop threads. 40 layers Obtain flow coefficients across the in-
per 2.54 e¢m (1.0 in.) radiation sulation and show the effect of drop
shield density. threads.

2N GAC-9 with joint and drop threads. Obtain flow coefficients across the in-
40 layers per 2.54 cm (1.0 in.) ra- sulation and show the effect of joint.
diation shield density.

3N GAC-9 with radiation shields per- Obtain flow coefficients across the in-
forated 10 holes per 2.54 cm sulation and show the effect of perfor-
(1.0 in.2), 2.38% open area. 40 ations.

layers per 2.54 cm (1.0 in.) radia-
tion shield density.

4N Same as specimen 3N except 1.27 em Show the effect of perforations and in-
(0.5 in.) thickness, 20 radiation sulation thickness.
shields.

5N Same as specimen 3N except 30 Show the effect of perforations and in-
layers per 2.54 cm (1.0 in.) ra- sulation density.

diation shield density.

Axial Flow Tests

1A GAC-9 insulation. 40 layers per Obtain flow coefficients and obtain gas
2.54 cm (1.0 in.) radiation shield flow characteristics and engineering
density. 61 cm (24 in.) long x data on continuum and molecular flow.
31.5 cm (12.39 in.) OD x 26.4 cm
(10.39 in.) ID.

2A Same as specimen 1A except double Obtain gas flow characteristics of in-
layer of fiberglass grids inserted terface between two insulation panels.

at approximately layer No. 20.

15



GOODYEAR AEROSPACE

CORPORATION

GER-14915 S/9

b. Test Apparatus. The existing purge and vent apparatus was redesigned to accommo-

date axial and normal flow testing in accordance with the test plan. The following design modi-

fications were made:

1)

@)

(3)

(4)
(5)

(6)

(7)

(8)

Pressure taps were installed on the test chamber so that gas pressure mea-

surements can be made within the insulation.

An electronic pressure meter was installed for recording total pressure
measurements in the range from 0.067 to 133 x 103 N/m2 (10-4 to 1000 mm
Hg) during steady-state and transient tests.

A helium gas analyzer was installed for determining the time required to

completely purge the specimen.
A 12-valve manifold was installed to facilitate rapid pressure measurements.

High vacuum type quick-disconnect couplings were installed at all pressure
tap and valve manifold connections to facilitate rapid installation and re-

moval of the specimen from the test chamber.

Precision metering valves were installed at the inlet and outlet connections
of the test chamber to permit accurate control of gas flow rates and absolute

chamber pressures.

A support frame was fabricated for retaining the position of the normal flow

specimens in the test chamber.

A hollow aluminum mandrel and supports were fabricated to facilitate fabri-

cation and testing of axial flow specimens.

Figure 5 shows the complete test setup including the test chamber, vacuum pumping

system, and associated instrumentation. This setup was designed for determining the gas flow

characteristics of multilayer insulation in the continuum, transition, and free molecular flow

regimes within the following flow and pressure ranges:

(1)
(2)

Flow Rate: 0.0167 x 10~4 to 1.0 liter/second

Pressure: 0.067 to 133 x 103 N/m2 (10-4 to 1000 mm Hg)

Absolute or differential pressure measurement tests with the purge gas flow parallel

to the insulation were conducted using the axial flow setup shown schematically in Figure 6.

This setup permits measuring the pressure gradient within the insulation at 10 different loca-

tions and the total pressure drop across the insulation specimen. The holes for the pressure

16
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Figure 6. - Axial flow test setup.
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taps within the insulation are drilled after the specimen is 